Abstract. Epithelial-mesenchymal transition (EMT) is associated with invasion and metastasis of cancer cells. Golgi protein 73 (GP73) is a serum biomarker for hepatocellular carcinoma (HCC) and our previous study demonstrated that the expression of GP73 correlated with aggressive behavior and EMT molecules in HCC. However, its role in metastatic mechanism of HCC is not clear. The aim of this study was to investigate the effect of GP73 on invasion and migration, and underlying mechanism of GP73 involved in EMT of HCC. The expression of GP73 was downregulated by small interfering RNA (siRNA). The metastatic and invasive abilities were analyzed using scratch assay and Transwell assay. Changes in EMT-related molecules were evaluated by western blot and qRT-PCR analyses, and epithelial-mesenchymal phenotype changes were also observed. Expression of GP73 was upregulated in the more metastatic HCC cell lines. Knockdown of GP73 by siRNA resulted in a significant decrease in migratory and invasive abilities in both MHCC97H and Bel-7404 cell lines. Importantly, EMT-related markers and morphological phenotypes significantly changed following by the inhibition of GP73. Silencing GP73 contributed to the reduction of invasion and metastasis via suppressing EMT in HCC. GP73 may serve as a novel molecular target against EMT in HCC metastasis therapy.
Introduction
Hepatocellular carcinoma (HCC) is the fifth-most common cancer worldwide and the third-leading cause of cancer death (1) . Although great advances have been made in multiple therapeutic methods in recent years, the overall survival is poor, with a 5-year survival rate of ~5-6% (2) . The dismal prognosis of HCC is mainly attributed to the aggressive metastasis and recurrence of HCC (3) . Increasing number of studies have confirmed that the epithelial-mesenchymal transition (EMT) plays a vital role in promoting tumor metastasis, as the EMT process enables tumor cells to acquire migratory and invasive abilities (4) (5) (6) . Therefore, exploring novel targeted molecular against EMT for HCC metastasis therapy is of great importance.
Golgi protein 73 (GP73, also termed GOLPH2 and GOLM1) is a 73-kDa type-II Golgi transmembrane glycoprotein that was originally cloned from a library derived from the liver tissue of a patient with adult giant cell hepatitis (7) . It is reported that expressions of GP73 increased not only in viral infections (8) (9) (10) (11) but also in certain cancer types, including HCC, prostate cancer, lung cancer, and gastric cancer (12) (13) (14) (15) (16) (17) , but more attention has been paid in the aberrant expressions of GP73 in liver diseases. It has been found that GP73 elevated moderately along with the progression of liver disease, from hepatitis to cirrhosis, and then it increased remarkably in HCC (18) . We, and others, have proved that the serum GP73 is a promising and potential tumor marker for detecting HCC, for its sensitivity is superior to α-fetoprotein (AFP), especially in early HCC (19) (20) (21) (22) . However, the function and molecular mechanisms of GP73 remain obscure which seriously prevent it from clinical transformation as an HCC biomarker.
Our previous study demonstrated that GP73 was not only associated with poor prognosis in HCC patients, but also correlated with EMT representative molecules E-cadherin and Vimentin in HCC tissues by immunohistochemistry (23) . Nevertheless, the above underlying mechanism of GP73 participating in the EMT progress remains unknown. In this study, we confirmed the critical role of GP73 in HCC invasion and metastasis. Moreover, we further verified that silencing GP73 contributed to the reduction of invasion and metastasis siRNA and transfection. Inhibition of GP73 expression in MHCC97H and Bel-7404 cells was performed by small interfering RNA (siRNA). Both non-specific control siRNA and GP73 siRNA were designed, synthesized, and purified by GenePharma (Shanghai, China) and stored at -20˚C. When cells were grown to 60%, the GP73 siRNA or non-specific control siRNA was transfected using Lipofectamine™ 2000 (Invitrogen, Carlsbad, CA, uSA). Six hours after transfection, the medium containing transfection reagents was removed. Forty-eight hours later, cells were harvested for western blot assay and subjected to the following assays. Non-specific siRNA was used as a negative control. Primers were GP73 siRNA sense, 5'-GuGGCuuAGAAuuuGAACATT-3' and antisense, 5'-uGuuCAAAuuCuAAGCCACTT-3'; and nonspecific siRNA sense (negative control), 5'-UUCUCCGAACG uGuCACGuTT-3' and antisense, 3'-TTAAGAGGCuuGCA CAGuGCA-5'.
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RNA isolation and quantitative real-time PCR.
Total RNA was extracted using RNAiso Plus (Takara, Shiga, Japan) and transcribed into cDNA using a PrimeScript™ RT reagent kit (Takara) according to the manufacturer's protocols. GP73 mRNA expression was quantified by quantitative real-time PCR (qRT-PCR) using a 7500 Real-Time PCR system (Thermo Scientific, MA, USA). qRT-PCR was performed using SYBR Premix Ex Taq ® (Takara) with the following GP73 primers: 5'-CAGCGCTGATTTTGAGATGAC-3' and 5'-ATGATCCGT GTCTGGAGGTC-3'. GP73 mRNA levels were normalized to β-actin with the following primers: 5'-TTCCAGCCTTCCTTC CTGGG-3' and 5'-TTGCGCTCAGGAGGAGCAAT-3'. PCR parameters consisted of an initial incubation of 60 sec at 95˚C, followed by 35 cycles at 95˚C for 20 sec each and 1 cycle each at 95˚C for 15 sec, 60˚C for 60 sec and 95˚C for 15 sec.
Western blot analysis.
For western blot analysis, cells were harvested and washed twice with phosphate-buffered saline (Hyclone), the proteins were extracted using RIPA cell lysis buffer (Beyotime, Jiangsu, China), and the protein concentration was measured by enhanced bicinchoninic acid (BCA) Protein assay kit (Zhongshan Biotech). Equal amounts of protein from each group were loaded into an 8-10% SDS polyacrylamide gel electrophoresis (PAGE) (Zhongshan Biotech) and then electrotransferred to nitrocellulose filter membranes (Millipore, MA, uSA) at 200 mA for 2 h. After being blocked for 2 h in 5% non-fat milk, the membranes were cut according the protein molecular weight and incubated with primary antibodies against GP73 (1:2,000; Abcam), anti-Ecadherin antibody (1:1,000; Abcam), anti-N-cadherin antibody (1:1,000; Abcam), anti-Snail antibody (1:1,000; Abcam), antivimentin antibody (1:1,000; Bioworld Technology), β-actin (1:5,000; Bioworld Technology) at 4˚C overnight. Washed thoroughly with washing TBST buffer containing Tween-20, the membranes were then incubated with corresponding secondary antibodies for 2 h at room temperature. Following several washes with washing buffer, the protein bands were visualized using an enhanced chemiluminescence (ECL) reagent (Thermo Scientific) and analyzed by ImageJ software. Experiments were performed in triplicate and normalized by the expression of β-actin.
Scratch assay. For the scratch assay (Haoran, Biotech, Shanghai, China), cells were grown to confluence in a 24-well plate, and a 'wounding' line was scratched into the cell monolayer with a sterile 200-µl pipette tip. The width of the wound was measured under a microscope at 0 and 48 h after the scratch to assess the migration ability of the cells.
Transwell assay. Transwell (6.5 mm) with 8.0-µm pore polycarbonate membrane coated inserts were purchased from Corning (NY, uSA). Cells were seeded in 6-well plates (2x10 5 cells/well) and incubated for 24 h. After transfection, cells were cultured in complete medium for an additional 24 h. The cellular density was adjusted to 1x10 5 cells/ml to account for non-adhered cells. For the invasion assay, 1x10 4 cells in 100 µl serum-free DMEM were seeded in the upper chamber of the insert, with 15% Matrigel on the membrane of the upper chamber; 800 µl of DMEM containing 10% FBS was added to the lower chamber and incubated for 2 days. The medium and cells were then removed from the upper chamber using cotton swabs with 1X PBS. The cells were fixed with 800 µl methanol for 30 min, stained with a 0.5% crystal violet solution for 2 h, washed with 1x PBS and counted under a microscope.
Statistical analysis. Statistical analysis was carried out with SPSS software, version 16.0 (SPSS, Chicago, IL, uSA). The results were expressed as the mean ± standard deviation (SD). The data among the groups were compared by one-way analysis of variance followed by Bonferroni correction. Each experiment was performed independently at least three times. Values of P<0.05 and P<0.01 were considered statistically significant.
Results
Expression of GP73 is upregulated in the more metastatic HCC cell lines. To determine the relationship between GP73 expression and metastatic ability in cell lines, GP73 protein in three human HCC cell lines that had different metastatic potentials (MHCC97H, HCCLM3 and Bel-7404) and the normal human hepatocyte L-O2 cells were analyzed by western blotting (Fig. 1A) . Higher GP73 expression was observed in the more metastatic cell lines, such as MHCC97H and HCCLM3, while relatively weak expressions was detected in Bel-7404 and L-O2. Similar results were obtained by qRT-PCR analysis for detecting GP73 (Fig. 1B) . We therefore selected the higher GP73 expression cell line MHCC97H, and the lower Bel-7404, for further investigation.
Efficiency of the transient transfection of GP73 siRNA.
Forty-eight hours after siRNA transfection, GP73 protein expression levels were significantly reduced by si-GP73 in both MHCC97H and Bel-7404 cells. To demonstrate the efficiency of the transfection of siRNA, western blot and qRT-PCR assays were conducted. Both protein and mRNA level of GP73 were clearly repressed in cells transfected with GP73 siRNA compared with that of cells transfected with negative control siRNA and blank control group cells (P<0.05; Fig. 2 ). These results demonstrated that the expression of GP73 in MHCC97H and Bel-7404 cells were effectively suppressed following transfection with specific GP73 siRNA.
Silencing of GP73 inhibits migration and invasion of HCC cells.
To explore the role of GP73 in HCC migration and invasion, in vitro motility assay were performed among the interfered cells, negative control siRNA and blank group cells. The scratch assay revealed that the GP73-siRNA cells resulted in a significant decrease in migratory ability both in MHCC97H and Bel-7404 cells (P<0.05; Fig. 3A) . The Transwell assay showed that far fewer GP73-siRNA cells invaded through matrigel-coated chambers compared with blank and negative group cells in both MHCC97H and Bel-7404 cells (P<0.05; Fig. 3B ). These findings provided evidence that knockdown of GP73 expression results in a significant decrease in migratory and invasive abilities in HCC cells.
Silencing of GP73 inhibits the process of EMT.
Increasing numer of studies have proved that the EMT plays a vital role in promoting tumor metastasis, so we further studied the knockdown effect of GP73 on EMT in both MHCC97H and Bel-7404 cells. Western blotting results showed that the mesenchymal biomarkers N-cadherin and Vimentin, as well as the transcription factor Snail were markedly reduced, whereas the epithelial biomarker E-cadherin was overexpressed in GP73 siRNA-transfected cells compared with blank and negative group cells (Fig. 4A) . Accordingly, similar results could be found in mRNA expression levels of these markers by qRT-PCR (P<0.05; Fig. 4B ).
As shown in Fig. 4C , MHCC97H cells with reduced GP73 expression showed a major cell morphological change, from a spindle-shaped fibroblastic morphology to a cobblestoneshaped morphology. On the other hand, the Bel-7404 cells exhibited increasing cell-cell contact in GP73-siRNA group compared with negative group. The changes of morphological alterations were consistent with EMT markers. Thus, the above evidence indicated that the silencing of GP73 expression could attenuate the process of EMT in HCC cells.
Discussion
In this study, we found that GP73 was overexpressed in higher metastatic HCC cell lines. Also, downregulation of GP73 by siRNA could result in a significant decrease in migratory and invasive abilities in HCC cell lines. Importantly, both EMT-related markers and morphological phenotype significantly changed following the inhibition of GP73. These results suggest that silencing GP73 contributed to the reduction of invasion and metastasis via suppressing EMT in HCC. Our results highlight the possibility that GP73 could serve as a novel molecular target against EMT in HCC metastasis therapy.
GP73 is a highly phosphorylated protein and normally resides within the Golgi apparatus. It could be secreted into the extracellular space by cleavage at a proprotein convertase (PC) site, which results in the secretion of GP73 into the circulation (24, 25) . At present, increasing data indicate that serum GP73 levels are low in healthy controls, higher in cirrhosis and hepatitis, highest in HCC (18) (19) (20) (21) (22) . Then, GP73 emerges as a potential serum tumor marker for detecting HCC. Currently, only few functional studies reported that overexpression of GP73 could promote proliferation and apoptosis (26) . However, little is known about its molecular mechanisms in HCC progression which severely limits the GP73 clinical transformation as a promising biomarker.
Our previous study and other studies have showed that increased GP73 expression is strongly associated with poor prognosis and malignant biological behavior (such as tumor size, vein invasion, and metastasis) (23, 27, 28) . To determine the relationship between GP73 and metastasis, we detected the protein and mRNA levels of GP73 in different metastatic ability cell lines. Higher GP73 were observed in more aggressive cells MHCC97H and HCCLM3, lower GP73 were detected in less aggressive cells Bel-7404 and non-aggressive cells L-O2 (Fig. 1) . These results provided a clue that GP73 is likely related to metastasis of HCC.
To confirm the role of GP73 involved in invasion and metastasis of HCC, we silenced GP73 by specific siRNA (Fig. 2B) . We initially demonstrated that siRNA could be successfully transfected into MHCC97H and Bel-7404 cell lines, resulting in significantly reduced GP73 expression. The scratch assay revealed that the GP73-siRNA cells resulted in a significant decrease in migration (Fig. 3A) . In agreement with this, the Transwell assay showed that GP73-siRNA cells resulted in a decline in invasion (Fig. 3B) . Similarly, the latest data also reported that depletion of GP73 could decrease the migration and metastasis of HCC cells (29, 30) . The above evidence suggests that GP73 may act as a key oncogene in regulating metastasis of HCC.
It is believed that the EMT plays an important role in cancer metastasis (5) . During the metastatic cascade, carcinoma cells often initiate a key step known as EMT, a dynamic cellular process by promoting acquisition of invasive and migratory abilities. EMT is featured by loss of epithelial phenotype marker E-cadherin, and increased mesenchymal phenotype markers (Vimentin and N-cadherin), which contribute to the loss of cellular junction and polarity (5) . Subsequently, epithelial cells obtained a fibroblastic phenotype, dissociate from the epithelium and migrate to distant organs. Consistent with these findings, our results revealed that silencing of GP73 increased the epithelial marker E-cadherin expression. At the same time, the mesenchymal markers N-cadherin and Vimentin, as well as the transcription factor Snail decreased in GP73-siRNA cells (Fig. 4A) . Additionally, we found that knowndown of GP73 changed the morphology of the MHCC97H cells from the fibroblast-like shape to a cobblestone-like appearance. In Bel-7404 cells the cellular adherent junctions increased in GP73-siRNA cells compared with negative group cells (Fig. 4B) . The results showed that knockdown of GP73 resulted in the suppression of EMT process in HCC. The next step is to validate these findings in vivo and explore whether GP73-siRNA has an effect on the activation of signaling pathways.
In conclusion, an important role of GP73 was found in the alteration of invasion and metastasis by regulating EMT in HCC cells. Our results highlight the possibility that GP73 may serve as a novel molecular target against EMT in HCC metastasis therapy.
